We used RAPD (random amplification of polymorphic DNA) to analyze the phenotypic and genotypic characteristics of Sporothrix schenckii isolated from five geographic regions of Brazil, from clinical, animal, and environmental sources. Our results yielded a significant difference (P<0.01) in the mean conidial area of S. schenckii animal isolates (2.96 ± 1.07) compared with those of clinical isolates (fixed form, 2.33 ± 0.53; lymphocutaneous form, 2.37 ± 0.43). There was no association among S. schenckii clinical isolates and geographic region. Isolates from the Northeast region exhibited the lowest thermotolerance (% growth inhibition) at 35ºC ( x = 49.23% ± 17.25) and at 37ºC (70.43% ± 10.93%). Northern isolates exhibited the highest thermotolerance at 35ºC (12.82% ± 5.73%) and at 37ºC (23.81% ± 8.27%). RAPD with a 10-mer primer OPD-18 generated 67 PCR fingerprint patterns. The 151 S. schenckii isolates fell into seven major clusters with such great genetic diversity that an association of isolates with clinical forms or geographic areas could not be determined, even with investigations focused on more restricted geographic areas. The main physiological characteristics of Brazilian S. schenckii isolates were also characterized, including osmophilia, halophilia, pH tolerance, urease activity, casein hydrolysis, and gelatinase, proteinase, and DNAase production.
INTRODUCTION
Sporothrix schenckii is a dimorphic fungus found worldwide as a pathogenic agent of sporotrichosis, a chronic infection of the skin and subcutaneous tissues, characterized by the development of lymphatic nodules in humans and other animals [1] [2] [3] . The disease can disseminate, affecting any organ of the human body [1] [2] [3] . Generally, infection results from inoculation of the fungus during trauma and is related to occupational activities [1, [3] [4] [5] . In recent years, the incidence of the disease has gradually increased in humans, mostly among veterinarians, nurses, and cat owners, who are usually infected through cat scratches or bites or even by direct contact with exudates of feline lesions [6] . The disease affects all age groups [3, 7] , and the number of cases involving men and women varies from region to region [3, 6, 8, 9] , possibly depending on the type of fungal exposure [10] . The fungus has been isolated from soil, various plant species, and sphagnum moss [1, 11, 12] , and when it is introduced into the host, the mycelial form changes to the yeast cells, the infective form [1, 3, 4] . For clinical diagnosis of sporotrichosis, it is necessary to isolate S. schenckii in culture from clinical material. In general, it is identified *Address correspondence to this author at the Federal University of São Paulo (UNIFESP), Department of Microbiology, Immunology and Parasitology, Discipline of Cellular Biology. 04023-062 Rua Botucatu 862/8º, São Paulo, SP, Brazil; Tel: 55 11 5576 4523;Fax; 55 11 5571 5877; E-mail: zpcamargo@unifesp.br based on the morphological characteristics of its colonies, conidia, and other structures in vitro [1, 3, 4] .
In South America, the countries of Brazil, Uruguay, Peru, and Colombia constitute areas of S. schenckii endemicity [5, 10] . In Brazil, isolated cases, small outbreaks, and case series have been sporadically reported [13] [14] [15] . In general, very little has been published in recent decades about clinical cases of sporotrichosis in Brazil; however, since 1998, the research group at the Evandro Chagas Clinical Research Institute, Fiocruz, in Rio de Janeiro, has diagnosed 1503 cats, 64 dogs, and 759 people with sporotrichosis confirmed by isolation of S. schenckii in culture [6, [16] [17] [18] .
Because cases of sporotrichosis do not have to be reported, the real incidence of the disease in Brazil is unknown; thus, there is little information about its true prevalence. However, over the last 3 years, we collected 151 S. schenckii isolates from five different regions of Brazil, a continental country (with an area of 8,514,204.8 km 2 ): the North, Northeast, Center West, Southeast, and South. These strains were isolated in 14 of 26 Brazilian states, indicating indirectly that the actual prevalence of sporotrichosis is higher than we had supposed. Parts of the southeastern and southern regions are influenced by polar air masses, whereas the northern and northeastern regions are influenced by hot air masses so that the annual temperature is continuously high. Despite the clinical importance of S. schenckii, little is known about its basic biology and population structure among Brazilian isolates.
Recently, work has shown that traditional species of S. schenckii exhibit a high genetic variability, and new species have been described within the "Sporothrix schenckii aggregate" [19] [20] [21] . Among these new species, S. brasiliensis has been found only in Brazil [19, 20] . These new species were based on the sequence analysis of three protein coding loci (chitin synthase, -tubulin, and calmodulin). The Spanish group of Dr. Josep Guarro proposed identifying the Brazilian S. schenckii strains as S. brasiliensis [19, 20] ; in this paper, however, we refer to this fungus by its traditional name of S. schenckii because we did not perform molecular phylogenetic analysis of our isolates in the context of DNA sequence data from the three different loci cited above.
Recently, Mesa-Arango et al. [22] studied 44 clinical and environmental isolates of S. schenckii from Mexico, Guatemala, and Colombia. In this well-elaborated work, the authors examined the phenotypic characterization-conidial measurements, thermotolerance, aspects of virulence and genotyping characteristics-by means of random amplification of polymorphic DNA (RAPD) analysis [22] .
In the current study, our aim was to determine the phenotypic relatedness [conidial size and thermotolerance by percent growth inhibition (GI) at 35ºC and 37ºC] among 151 Brazilian S. schenckii isolates from five different geographic regions of this continental country with distinct climates. Further, we investigated the molecular epidemiology using the RAPD technique. Our study was based on Mesa-Arango et al. [22] models; however, only Brazilian S. schenckii isolates were analyzed, and the data reported here constitute the first study of this type in Brazil. Because S. schenckii has been poorly studied for its physiological characteristics, we selected a representative set of 19 Brazilian isolates of S. schenckii from different geographic regions of Brazil and analyzed them according to the methods described by Ghosh et al. [23] as the basis for that study.
MATERIALS AND METHODOLOGY

Fungal Isolates
This study included 151 Brazilian isolates of S. schenckii (139 from clinical sources; 10 from felines, one from a dog, and one from an environmental source) ( Table 1 
Isolate Identification
The micro-and macromorphology of colonies were identified according to conventional methods. For the study of conidia formation and conidiogenous cells, slides were prepared using classical slide culture methods. Colony morphology was compared based on descriptions by Rippon [3] .
Phenotypic Characterization
Conidial Measurements
The areas of the conidia were measured using the program UTHSCSA Image Tool 3.0. All measurements were estimated on the basis of the results obtained with at least 100 conidia/isolate from 15-day-old slide microcultures at room temperature.
Thermotolerance
Thermotolerance assays were performed as followed: the percent growth inhibition (GI) was calculated at 35 and 37°C by the following formula: [(colony diameter at 28°C -colony diameter at 35 or 37°C)/colony diameter at 28°C] x 100 as proposed by Mesa-Arango et al. [22] .
Molecular Fingerprint Method: RAPD
Isolation of S. schenckii DNA and RAPD assays were performed according to protocols previously described by Liu et al. [24] . The program for PCR reactions was that proposed by Liu et al. [24] , and the primers used were: OPA11 (5'-ACCCGACCTG-3'), OPD18 (5'-GAGAGCCAAC-3'), and OPB07 (5'-GGTGACGCAG-3') (Operon Technologies Ltda.) proposed by Liu et al. [24] ; OPBG01 (5'-GTGGCTCTCC-3'), OPBG14 (5'-GACCAGCCCA-3'), and OPBG19 (5'-GGTCTCGCTC-3') proposed by Mesa-Arango et al. [22] . The similarity was calculated by using the Dice coefficient, and the similarity matrix was the basis for the construction of a dendrogram using the unweighted pair-group method with arithmetic averages (UPGMA).
Physiological Characteristics of S. schenckii Isolates
A representative set of 19 S. schenckii isolates-four each from the Northeast, Southeast, South, and Center West regions and three isolates from the North region-was chosen for physiological tests; 17 were of human origin, one of animal origin (cat), and one of environmental origin.
The laboratory procedures for assessing the physiological characteristics of osmophilia, halophilia, pH tolerance, urease activity, casein hydrolysis, and gelatinase production were performed according to Ghosh et al. [23] for S. schenckii, as briefly described below. For DNAase and proteinase activities, we followed the protocols proposed by Price et al. [25] .
For osmophilia, we tested the isolates inoculated on media containing 16.6%, 20%, 23%, or 28.5% glycerol; for halophilia, the fungus was inoculated on media containing increasing concentrations of sodium chloride (6%, 8%, 9%, 10%, or 12%); and for pH tolerance, we tested fungal growth at pH 2.2, 4.0, 12.0, 12.5, and 13.0.
RESULTS
Phenotypic Characterization
All isolates studied presented typical micro-and macrocharacteristics of S. schenckii similar to those described by Rippon [3] . Table 1 shows the phenotypic characteristics studied for all isolates, specifically the conidium size, measured in area . Using geographic region of origin as the parameter, no statistical differences were observed in relation to conidial area. Table 2 shows the mean S. schenckii conidial areas from each Brazilian region and %GI at both 35ºC and 37ºC.
The isolates had different thermotolerances at the two temperatures. At 35ºC, the %GI values for the isolates were as follows: North, x = 12.82% ± 5.73%; Northeast, x = 49.23% ± 17.25%; Center West, x = 35.37% ± 15.58%; Southeast, x = 41.89% ± 15.34%; and South, x = 38.92% ± 16.18%. The isolates from the northern region were statistically different from the southern, southeastern, and northeastern regions. S. schenckii animal isolates were statistically different from those isolated from human lymphocutaneous forms: ( x = 29.38% ± 7.70%) versus ( x = 42.63% ± 16.14%).
At 37ºC, the isolates exhibited the following %GI values: North, x = 23.81% ± 8.27%; Northeast, x = 70.43% ± 10.93%; Center West, x = 58.68% ± 13.58%; Southeast, x = 58.83% ± 13.81%; and South, x = 53.42% ± 13.60%. At 37ºC, the isolates from the North were statistically different from isolates from other regions, and isolates from the Northeast were statistically different from those of the South and Southeast.
On the other hand, at 37ºC, animal isolates ( x = 41.38% ± 8.19%) differed statistically from human isolates [lymphocutaneous ( x = 59.45% ± 15.90%) and fixed form ( x = 59.38% ± 13.59%)].
RAPD Genotypic Characterization
The six primers tested yielded clearly scorable, repeatable, polymorphic banding patterns among the isolates. The patterns produced by RAPD analysis/PCR with primer OPD18 were the best that we obtained, consisting of 1 to 10 amplification bands ranging in size from 0.18 to 1.8 kb. The similarities between isolate pairs were highly variable and ranged from 16.66% to 83.33%. The mean genetic similarity was 49.99%. Sixty-seven PCR fingerprinting patterns were generated, indicating a high discrimination among the 151 S. schenckii isolated from different geographic regions. Genetic relationships obtained with the UPGMA method are represented as a dendrogram (Fig. 1) , in which seven clusters can be distinguished. Cluster I was subdivided into Ia (5 (Table 1) 2 ) and in a specific city (Rio de Janeiro; area = 1,255.3 km 2 ). The fingerprint patterns obtained with OPD18 for each dataset are represented as a dendrogram and shown in Figs. (2, 3) , respectively. The fingerprint pattern obtained from S. schenckii isolates from Sao Paulo State (28 isolates) indicated three clusters. Cluster I was subdivided into Ia, composed of 18 isolates presenting 43% similarity, and Ib was composed of 8 isolates displaying 47% similarity; cluster II consisted of 2 isolates (Fig. 2) . The dendrogram obtained with 36 S. schenckii isolates from Rio de Janeiro showed three main clusters: cluster I consisted of 5 isolates with 39% relatedness; cluster II was subdivided into IIa consisting of 23 isolates presenting 51% similarity and IIb, comprising 8 isolates with 61% similarity.
Physiological Characters
Osmophilia
At 16.6% glycerol, all S. schenckii isolates were able to grow; at 20% glycerol, 89.47% of S. schenckii isolates grew (only one isolate from Central West and one isolate from the Southeast regions were inhibited); however, at 23% and 28.5%, all isolates were inhibited ( Table 3) .
Halophilia
All isolates could grow at 6% and 8% salt (NaCl) concentration. Eight (42.10%) isolates (one from the North, three from the Northeast, one from the Central West, two from the Southeast, and one from the South region) could grow at 9% and 10% salt concentrations. No isolates grew at 12% ( Table 3) .
pH Tolerance
All isolates could grow between pH 2.2 and 12.5, but none grew at pH 13.0 (Table 3) .
Enzymatic Tests: Urease, DNAase, Proteinase, and Gelatinase Activities
In relation to these enzymes, considered as virulence factors, all (100%) S. schenckii isolates presented urease and DNAase activities. Only three (15.78%) isolates (one from the North and two from the Southeast region) showed gelatinase activity, and five (26.31%) isolates (one from the North, three from the Northeast, and one from the Southeast region) showed proteinase activities of 0.68, 0.88, 0.85, 0.55, and 0.78, respectively. Also, only four (21.05%) isolates (one from the North, one from the Central West, and two from the Southeast region) showed caseinase activities of 0.75, 0.87, 0.89, and 0.87, respectively ( Table 3) .
DISCUSSION
This study represents the first investigation of Brazilian S. schenckii isolates originating from different geographic regions of Brazil based on their phenotypic and genotypic characteristics. A high degree of similarity of the mean conidial area was observed among the isolates from the North, South, Southeast, Northeast, and Center West regions. There were no statistical differences in morphological structures related to geographical distribution or clinical forms of sporotrichosis among Brazilian S. schenckii The dendrogram was generated from genetic similarity coefficients obtained by determination of the presence or absence of DNA bands from 28 isolates and based on UPGMA. Fig. (3) . Relationship among Rio de Janeiro city S. schenckii isolates. The dendrogram was generated from genetic similarity coefficients obtained by determination of the presence or absence of DNA bands from 36 isolates and is based on UPGMA. There are few reports on S. schenckii physiological characteristics in the literature [23, 26] . In relation to osmophilia, seventeen isolates (89.47%) could grow at glycerol concentrations 20%. However, Ghosh et al. [23] showed that 100% of Indian isolates were able to grow at glycerol concentrations 20%. In the halophilia assay, all Brazilian isolates grew very well at 6% and 8% salt, but only eight isolates (42.10%) could grow at 9% and 10% salt concentrations, and none grew at 12%. Sigler et al. [26] noted that four Canadian S. schenckii isolates were intolerant to a 7% salt concentration. However, all S. schenckii isolates studied by Ghosh et al. [23] in India were tolerant to 6% salt concentration although a portion could not grow at 7%, and all were inhibited at 8% salt. Our data show that Brazilian S. schenckii isolates are more tolerant to high salt concentrations than are S. schenckii from other geographic regions of the world.
In relation to growth at different pHs, our isolates grew very well between pH 2.2 and pH 12.5. Isolates from India grew well between pH 3.0 and 11.5, but only a few grew at pH 12.5 [23] . On the other hand, in terms of enzymes considered as "virulence factors," all of our isolates produced urease and DNAase. Mendonza et al. [27] reported that all S. schenckii studied in Venezuela could produce urease. In addition, Ghosh et al. [23] in India reported that all mycelial forms of S. schenckii could split urea.
Gelatinase was produced only by three (15.78%) of our isolates, one from the North region and two from the Southeast region, and caseinase was also produced by only four (21.05%) isolates, one from the North region, two from the Southeast region and one from the Central West region. Ghosh et al. [23] showed that 49 S. schenckii isolates from different regions of India were unable to hydrolyze gelatin or casein. Mendonza et al. [27] related that two out five S. schenckii isolates from Venezuela were positive for gelatinase activity. Proteinase was produced by five (26.31%) of our isolates, one from the Southeast region, one from the North region, and three from the Northeast region. This kind of study is important for understanding the environmental and epidemiological aspects of S. schenckii by strain typing and possible selective isolation of this fungus [23] .
Furthermore, the molecular studies with RAPD clearly identified no grouping of the Brazilian S. schenckii isolates based on geographical origins or the clinical form of sporotrichosis. The main clusters obtained did not show geographic separation, and different genotypes were present among them (isolates from distinct geographic regions may be present in a cluster). As observed in this study, the 67 PCR fingerprinting patterns generated showed a high discrimination among the S. schenckii strains. The high discrimination found among all Brazilian strains was also observed among the S. schenckii strains from Sao Paulo State and those from Rio de Janeiro, both of which are smaller geographical areas. The low similarity among Brazilian S. schenckii isolates indicate a high genetic variation in this species.
In keeping with our finding of no relationship between S. schenckii fingerprinting DNA profiles of our isolates with geographical area or clinical forms of the disease, MesaArango et al. [22] and Neyra et al. [28] also found no association of S. schenckii isolates with specific forms of sporotrichosis. Galhardo et al. [29] observed a great diversity in the PCR fingerprinting analysis results among S. schenckii isolates from Rio de Janeiro that they could not correlate with clinical forms. This finding suggested that the main factor determining clinical forms of sporotrichosis is more likely related to the immune condition of the patient and the route of transmission, rather than to the strain genotype [29] . Liu et al. [24] did correlate RAPD profiles among isolates recovered from patients with fixed cutaneous, lymphatic, and disseminated forms of sporotrichosis. However, in the present work, using the same primers as Liu et al. [24] and Mesa-Arango et al. [22] , we did not correlate the DNA fingerprinting profiles with any clinical form or by geographic region.
The great diversity in DNA profiles found among the five distinct regions of Brazil was also confirmed within a smaller area of the country, Sao Paulo State, and the same level of diversity was confirmed in an even smaller area consisting of a single city, Rio de Janeiro. The similarities of these comparisons corroborate the idea that Brazilian S. schenckii is an organism with great genetic variability. These findings need to be further confirmed using more sensitive molecular approaches such as restriction fragment length polymorphism analysis with Southern blotting and sequencing of the calmodulin gene, which are already in progress in our laboratory.
